INTRODUCTION
The intestinal microbiota contributes to host metabolism, resistance to pathogen colonization, and host immune system development and homeostasis (B€ aumler and Sperandio, 2016; Honda and Littman, 2016) . However, its containment is essential, and increased microbial translocation is associated with systemic inflammation (Sonnenberg et al., 2012) . The intestinal epithelial cells (IECs), the mucus layer, the generation of antimicrobial peptides, and the synthesis of microbe-specific immunoglobulin A (IgA) in the Peyer's patches (PPs) constitute the ''mucosal firewall'' (Belkaid and Hand, 2014) . This barrier is regulated by RORgt-dependent cells that include group 3 innate lymphoid cells (ILC3s) and T helper 17 (Th17) cells, which produce IL-17 and IL-22 and modulate antimicrobial peptide secretion by IECs and IgA production in the gut (Hirota et al., 2013; Kruglov et al., 2013) . Therefore, the absence of RORgt-dependent cells or their mediators can lead to a breach of the intestinal barrier, commensal translocation, and systemic inflammation (Lochner et al., 2011; Sonnenberg et al., 2012) .
The intestinal microbiota critically contributes to the generation and function of RORgt-dependent cells (Ivanov et al., 2008; Sanos et al., 2009; Satoh-Takayama et al., 2008) . For instance, segmented filamentous bacteria (SFB) induce the release of serum amyloid A (SAA) proteins that promote local IL-17 production, myeloid-mediated IL-22 secretion by ILC3, and IgA responses (Atarashi et al., 2015; Gaboriau-Routhiau et al., 2009; Ivanov et al., 2009; Sano et al., 2015) . Myeloid cells are critical to integrating the intestinal microenvironment and adaptive immune responses. Macrophages or dendritic cells (DCs) can be located in the lamina propria (LP) and/or in gutassociated lymphoid tissues, including PPs (Bekiaris et al., 2014) . On the basis of the expression of lysozyme and CD11b, PPs contain particular subsets of DCs (Bonnardel et al., 2015; Da Silva et al., 2017) . Th17 cell differentiation requires antigen recognition in the context of major histocompatibility complex II (MHCII), as well as IL-6 and transforming growth factor-b (TGF-b) from DCs (Ivanov et al., 2006; Persson et al., 2013) . In contrast, activation of ILC3s is antigen independent but, in turn, requires the production of IL-23 by myeloid cells to release IL-22 and/or IL-17 (Longman et al., 2014; Satpathy et al., 2013) . However, the particular subset of myeloid cells and the host signaling pathways linking recognition of commensal microbes to the induction of IL-17 and IL-22 production by RORgt + cells in the steady state are poorly understood.
Some Syk-kinase-coupled C-type lectin receptors (CLRs), such as Dectin-1 (Clec7a), Dectin-2 (Clec4n), and Mincle (Clec4e), preferentially induce myeloid IL-6, IL-1b, and IL-23 secretion upon recognition of different components of the fungal or bacterial pathogen cell wall, promoting Th17 polarization (Geijtenbeek and Gringhuis, 2016; LeibundGut-Landmann et al., 2007) . Therefore, we investigated whether Syk-coupled CLRs could contribute to myeloid cell sensing of the intestinal microbiota to promote functional responses in RORgt + cells under homeostatic conditions. We found that sensing of mucosa-associated commensals by the Mincle and Syk pathway in lysozymeexpressing DCs (LysoDCs) and CD11b + dome DCs from PPs contributes to IL-6 and IL-23p19 production by these cells. These myeloid-cell-derived cytokines regulate IL-17 and IL-22 production by T cells and ILCs, promoting intestinal barrier function and limiting microbial translocation, which is associated with inflammation and deregulated metabolism in the liver.
RESULTS

Mincle and Syk Signaling in DCs Controls Microbiota-Driven Th17 Differentiation
We assessed host signaling pathways with the potential to link recognition of commensal microbes by myeloid cells with Th17 differentiation. CD11c + cells derived from bone marrow cultured with GM-CSF (GM-BMs) from mice lacking MyD88 (Myd88 À/À ) or Syk in the CD11c + compartment (CD11cCre Syk flox/flox , named CD11cDSyk mice) Whitney et al., 2014) or GM-BMs from wild-type (WT) littermates were loaded with chicken ovalbumin class-II peptide ) and co-cultured with naive OVA-specific (OT-II) CD4 + T cells in the presence or absence of specific-pathogenfree (SPF) gut microbiota. Although the proliferation of OT-II cells did not differ upon co-culture with different GM-BMs (Figure S1A) , OT-II cell capacity to produce IL-17 after priming in the presence of gut microbiota was specifically blunted in the absence of Syk, but not MyD88, in GM-BMs ( Figure 1A) .
Syk signaling following pattern recognition is characteristic of some CLRs. Syk binds to immunoreceptor tyrosine-based activation motif (ITAM) domains present in the FcRg chain (Fcer1g) adaptor that couples to Dectin-2 (Clec4n) or Mincle (Clec4e) or to hemITAMs borne by CLRs, such as Dectin-1 (Clec7a) (Iborra and Sancho, 2015) . Thus, we explored the ability of GM-BMs lacking Dectin-1 or the FcRg chain to promote microbiota-driven Th17 differentiation from naive OT-II cells as above. Although OT-II cell proliferation following stimulation with GM-BMs was similar among the different GM-BM genotypes tested (Figure S1B) , microbiota-induced Th17 differentiation was dependent on the expression of the FcRg chain, but not Dectin-1, in GM-BMs ( Figure 1B) . We subsequently found that, upstream of the FcRg chain, Mincle, but not Dectin-2, was needed in GM-BMs for microbiota-driven Th17 differentiation in vitro (Figures 1C and S1C) . Notably, exposure to microbiota induced Syk phosphorylation in GM-BMs in a Mincle-dependent manner ( Figure S1D ).
GM-BMs comprise conventional DCs (GM-DCs) and monocyte-derived macrophages (GM-Macs) (Helft et al., 2015) . GM-Macs expressed Mincle constitutively, whereas intestinal microbiota stimulation induced Mincle expression in GM-DCs ( Figure S1E ), as expected (Helft et al., 2015) . In addition, we found that GM-DCs efficiently primed IL-17 and IL-22 production by OT-II cells in response to microbiota and in a Mincle-dependent fashion ( Figures 1D-1F ). In contrast, GM-Macs promoted IFN-g-producing OT-II cells in a Mincle-independent manner ( Figure 1G ). These results suggest that the Mincle-FcRg-chain-Syk axis in GM-DCs drives Th17 differentiation in response to intestinal commensals.
Mincle Senses Mucosa-Associated Commensals
We tested whether the intestinal microbiota contains a functional ligand for Mincle by analyzing the capacity of commensals to activate GM-BMs. Upregulation of MHCII, CCR7, and CD86 in GM-BMs by microbiota was significantly reduced in the absence of Mincle ( Figure S2A ). As expected in controls for the experiment, activation of GM-BMs by the Mincle ligand trehalose-6,6-dibehenate (TDB) was Mincle dependent, whereas activation mediated by lipopolysaccharide (LPS) was Mincle independent ( Figure S2A ). These results suggest that Mincle senses microbiota and thereby contributes to DC activation.
We next investigated whether Mincle could bind to the intestinal microbiota from our SPF mice. Mincle-ectodomain-human-Fc chimera (Mincle-hFc) recognized the microbiota in a dose-dependent manner (Figures 2A and S2B ). Pre-incubation of Mincle-hFc with 2F2 anti-Mincle antibody or with the Mincle ligand TDB specifically prevented its binding to the microbiota ( Figure S2C ). In addition, Mincle-hFc did not bind to the gastrointestinal content from germ-free mice ( Figure S2C ). Notably, the analysis of small intestine mucosa from SPF mice revealed a more than 3-fold average enrichment in Mincle-hFc-labeled commensals compared with the luminal fraction (Figures 2B, 2C, and S2D). We additionally found that a fraction of luminal but not mucosa-associated microbiota was detected by hFc chimeras of the Syk-coupled CLRs Dectin-1 and Dectin-2 ( Figure S2E ).
Comparative 16S sequencing analysis of Mincle-hFc-bound and -depleted microbial fractions, along with a control-hFcbound fraction, revealed that Lactobacillus was one of the (A-C) Naive OT-II T cells were co-cultured with GM-BMs (1:2 ratio) from: (A) WT mice or mice lacking MyD88 (Myd88 À/À ) or Syk in the CD11c + compartment (CD11cDSyk); (B) WT mice or mice lacking Clec7a or mice lacking Fcer1g; (C) WT mice or mice lacking Clec4n or Clec4e, the indicated genotypes loaded with OVA peptide in the presence or absence of microbiota (10:1 GM-BM ratio), and IL-17 was measured by ELISA in the supernatant 3 days later. (D-G) Naive OT-II T cells were co-cultured with GM-Macs or GM-DCs (1:1 ratio) loaded with OVA peptide in the presence or absence of microbiota (10:1 DC ratio) , and IL-17 was measured by ELISA in the supernatant 3 days later (D). IL-17 (E), IL-22 (F), and IFN-g (G) production after re-stimulation was measured by intracellular staining and flow cytometry in OT-II T cells from the co-cultures. To the left is a representative plot, and to the right quantification is shown. Individual data represent data generated from independent GM-BM cultures (biological replicates) in pools of at least two independent experiments. Individual data and arithmetic mean are shown. ***p < 0.001 (one-way ANOVA and Bonferroni post hoc test). See also Figure S1 . main genera enriched in Mincle-hFc-bound fractions ( Figure 2D ). Mincle-hFc-stained Lactobacillus was recovered from the small intestine epithelium of mice orally gavaged with Celltrace-Violetlabeled L. plantarum but, intriguingly, not the same bacteria growing in MRS Broth (Figures 2E and S2F) . These results indicate that some phyla of mucosa-associated commensals, including Lactobacillus, might contain ligands for Mincle (Shah et al., 2016) .
Mincle Is Expressed in DCs from PPs
Lactobacillus exhibits a preferential binding to the follicle-associated epithelium of the PPs (Plant and Conway, 2001) . We hypothesized that Mincle-expressing cells that sense mucosaresident commensals could be located in the gut-associated lymphoid tissue. Indeed, Mincle was expressed in PPs (Figure 2F) , and FcRg-chain-dependent Mincle expression was restricted to the CD11c + MHCII + CD19 À CD11b + subset in PPs ( Figure 2G ). Confocal microscopy of PP whole-mount preparations confirmed the selective Mincle expression in the CD11c + CD11b + immune compartment ( Figure S2G ). Concurring with previously published results (Bonnardel et al., 2015) , Mincle was mainly expressed by some lysozyme-expressing macrophages (LysoMacs), lysosyme-expressing DCs (LysoDCs), and dome CD11b + DCs, but not dome CD8a + DCs (Figures 2H and S2H) . In contrast, Mincle expression in small intestine LP was mainly found on macrophages but not in CD64 À DC subsets ( Figures 2I and S2I ). Mincle expression in human intestinal samples from healthy donors was revealed in a fraction of CD45 + CD64 À CD14 À CD11c + HLA-DR + cells by flow cytometry and immunohistochemistry (IHC) ( Figures 2J and S2J ). These results indicate that Mincle is expressed by macrophages in PPs and small intestine LP and by some DCs in the mouse PPs.
DCs from PPs Instruct Mincle-and Syk-Dependent Th17 Differentiation
Next, we explored the contribution of freshly isolated dome CD11b + DCs, dome CD8a + DCs, LysoMacs, and LysoDCs from PPs to prime OT-II CD4 + T cells ex vivo. Dome CD11b + DCs and LysoDCs had a higher capacity to induce IL-17 production by CD4 + T cells than did CD8a + DCs and LysoMacs (Figure 3A) . Moreover, the ability of CD11b + DCs and LysoDCs to promote Th17 differentiation was dependent on Mincle and Syk ( Figures 3A-3C , S3A, and S3B), whereas Th1 differentiation induced by these cells was Mincle and Syk independent ( Figures  S3C and S3D) . These results suggest that dome CD11b + DCs and LysoDCs located in PPs mediate Mincle-and Syk-dependent Th17 differentiation.
Mincle Fosters IL-6 and IL-23p19 Production by DCs in Response to Microbiota
The cytokine IL-6 plays a non-redundant role in Th17 differentiation in gut mucosa (Hu et al., 2011; Persson et al., 2013) , and CD11b + DCs from PPs are better at producing IL-6 than other DC subsets from PPs or splenic DCs (Sato et al., 2003) . Conversely, activation of ILC3s is independent of IL-6 but dependent on microbiota-induced IL-23p19 (Klose and Artis, 2016) . Therefore, we explored whether both instructing signals are produced in a Mincle-dependent manner in PPs. Mincledeficient mice exhibited reduced IL-6 and IL-23p19, but their TGF-b and IL-12p40 transcripts in PPs were similar to those in WT littermates ( Figure 3D ). Consistent with this, IL-6 production by CD19 À CD11c + MHCII + DCs in PPs was diminished in Mincledeficient mice compared with WT littermates, whereas IL-12p40 production was not affected (Figures 3E, 3F , and S3E). Accordingly, microbiota induced Mincle-dependent IL-6 and IL-23 production by GM-DCs ( Figure 3G ). These results indicate that the steady-state microbiota triggers Mincle-dependent IL-6 and IL-23p19 expression, which could instruct IL-17 and IL-22 production.
Mincle and Syk in DCs Are Needed for Intestinal IL-17 and IL-22 Production Because CD11cDSyk mice selectively deplete Syk in spleen CD11c + cells, but not in B or T cells (Whitney et al., 2014) , we (legend continued on next page) explored whether the absence of Mincle and Syk in the CD11c + compartment could affect Th17 differentiation in the steadystate intestine in vivo. IL-17 and IL-22 production by both CD4 + T cells from PPs and sorted CD3 + T cells from the small intestine LP was reduced both in CD11cDSyk mice (Figures 4A and S4A) and in Mincle-deficient mice ( Figures 4B and S4B ) compared with WT littermates, whereas IFN-g production was not altered (Figures 4C, 4D, and S4C ). IL-17-producing T cells generated in a Mincle-dependent manner in the steady state mainly co-produced IL-10, but not IFN-g, indicating that these T cells were non-pathogenic ( Figure 4E ) (McGeachy et al., 2007) .
The frequencies of T cells in PPs and small intestine LP in the absence of Mincle and Syk were comparable to those of WT littermates ( Figures S4D and S4E ). Naive CD4 + T cells from both CD11cDSyk and Mincle-deficient mice differentiated normally into IL-17-and IL-22-secreting effector cells in the presence of Th17-polarizing cytokines ( Figure S4F ). Furthermore, adoptively transferred naive CD4 + T cells from CD11cDSyk mice or WT littermates (CD45.2 + ) similarly produced IL-17 and IL-22 in PPs of WT recipients (CD45.1) ( Figure S4G ). These results exclude an intrinsic defect of cytokine production in the T cells of these mice.
Additional sources of IL-17 and IL-22 in the gut are CCR6-expressing ILC3s that are mainly located in PPs (Klose and Artis, 2016) . CD11cDSyk and Mincle-deficient mice exhibited fewer IL-17-or IL-17-and IL-22-producing ILCs both in PPs and in small intestine LP than did WT littermates, whereas ILCs producing only IL-22 were comparable between genotypes ( Figures 4F,  4G , S4H, and S4I). Frequencies of CCR6 + ILCs in PPs or CD3 À CD90.2 + ILCs from the small intestine in the absence of the Mincle-Syk pathway were comparable to those in WT littermate controls (Figures S4J and S4K) . These results reveal that the Mincle-Syk signaling pathway regulates IL-17 and IL-22 production by both innate and adaptive cellular sources in the steady-state small intestine and PPs.
Mincle-Dependent IL-17-Producing Cells in PPs Require Commensal Bacteria Treatment with a broad-spectrum antibiotic cocktail to disrupt the gut microbiota abolished IL-17 production by T cells from PPs in WT littermates to the levels found in Mincle-deficient and CD11cDSyk mice ( Figures 5A and S5A ), suggesting that PP Th17 cell development requires intestinal bacteria. Given the prominent role of SFB in Th17 cell differentiation in PPs (Ivanov et al., 2009 ), we investigated the potential involvement of SFB in the Mincle-dependent Th17 differentiation. SFB were detected in our mouse colonies by PCR (IDEXX Bioresearch). Consistently, Saa1 ileal transcripts, which are linked to SFB presence (Ivanov et al., 2009) , were found in our mouse colonies and even increased in the absence of the Mincle-Syk pathway ( Figure S5B ). SFB are sensitive to vancomycin treatment (Ivanov et al., 2008) , as we demonstrated in our model by the reduction of the Saa1 ileal transcripts and the decrease in SFB content in feces after treatment ( Figures S5C and S5D) . Notably, vancomy-cin treatment slightly reduced IL-17 production by CD4 + T cells from PPs of WT littermates, but the remaining IL-17 production was dependent on Mincle ( Figure 5B ). Mincle-independent IFN-g production by PP CD4 + T cells was not affected by vancomycin treatment (Figure S5E) . These results show that vancomycin-resistant bacteria mediate Mincle-dependent IL-17 production by T cells from PPs.
Given the binding of Mincle-hFc to L. plantarum (Figure 2E) , we tested the ability of mucosal-associated commensals from WT mice treated with ABX during gestation and lactation and gavaged with L. plantarum at weaning (L. plantarum-enriched mucus) to induce Th17 differentiation in vitro. For this, we stimulated naive OT-II T cells with sorted WT and Mincle-deficient (Clec4e À/À ) GM-DCs loaded with OVA 323-339 peptide and pulsed or not (medium) with L. plantarum-enriched mucus. We found that L. plantarum-enriched mucus induced IL-17 and IL-22 production by naive OT-II cells upon culture with WT but not Mincle-deficient GM-DCs ( Figures 5C and S5F) , whereas IFN-g production was similar between both genotypes ( Figure S5G ). Induction of Th17 differentiation correlated with Mincle-dependent production of IL-6 and IL-23 by GM-DCs ( Figure 5D ). Moreover, compared with controls not gavaged with L. plantarum, mice treated with ABX and gavaged with L. plantarum at weaning as indicated above showed a Mincle-dependent induction of IL-17 and IL-22 production by CD4 + T cells and CCR6 + ILCs in PPs ( Figures 5E and 5F ) without affecting IFN-g production (Figure S5H) . These results suggest that mucosa-associated bacteria, including L. plantarum, drive Mincle-dependent IL-17-and IL-22-producing cells in PPs.
The Mincle-Syk Axis Contributes to Intestinal Barrier Function
We next explored whether the defective IL-17 and IL-22 expression in Mincle-deficient and CD11cDSyk mice affects intestinal barrier function. To assess the physical intestinal barrier integrity, we administered FITC-dextran by oral gavage and found that Mincle-deficient mice and WT littermates had similar serum FITC concentration at different time points ( Figure S6A ). To explore the immunological barrier, we examined the expression of intestinal antimicrobial peptides, specifically RegIIIg, whose production relies on RORgt-dependent cells (Sanos et al., 2009) . We found that steady-state Reg3g expression was reduced in the absence of Mincle or Syk in CD11c + cells compared with WT cells ( Figure 6A ). Notably, oral administration of L. plantarum to ABX-treated weaned mice as above promoted Reg3g expression in a Mincle-dependent manner ( Figure 6B ).
IgA secretion can be influenced directly by Th17 cells and ILC3s (Hirota et al., 2013; Kruglov et al., 2013) . Total IgA was reduced in the intestinal lumen in Mincle-deficient and CD11cDSyk mice compared with WT littermate controls (Figure 6C) . Remarkably, Mincle deficiency decreased the generation of IgA against gut-microbiota-specific antigens, such as LPS and flagellin ( Figure S6B ). Flow-cytometry analysis of the frequency of IgA-coated intestinal bacteria, which was (G) ELISA of IL-6 and IL-23 production by sorted GM-DCs from WT and Mincle-deficient (Clec4e À/À ) mice untreated (medium) or stimulated with gut microbiota (10:1 DC ratio) for 12 h. Data represent two independent pooled experiments (A) or one representative experiment of at least two performed (B-G). *p < 0.05, **p < 0.01, ***p < 0.001 (A: one-way ANOVA and Bonferroni post hoc test; D, E, and G: unpaired two-tailed Student's t test). See also Figure S3 . (C) Frequency of IL-17 and IL-22 production by intracellular staining of re-stimulated OT-II T cells co-cultured with sorted WT and Mincle-deficient (Clec4e À/À ) GM-DCs loaded with OVA 323-339 peptide, as in Figures 1D and 1E ; the cells were pulsed or not (medium) with mucosal-associated commensals from WT mice treated with ABX during gestation and lactation and gavaged with L. plantarum at weaning as indicated (L. plantarum-enriched mucus; 10:1 DC ratio). (D) ELISA of IL-6 and IL-23 from the co-culture of GM-DC in (C).
(legend continued on next page) dependent on Aicda, revealed a specific reduction of IgA in the absence of Mincle (Figures 6D and S6C ). Frequency of IgA + plasma cells in the small intestine LP of Mincle-deficient and CD11cDSyk mice was lower than in WT littermates ( Figures 6E  and S6D) , and IgG + plasma cells were similar ( Figure 6F ). This correlated with reduced percentages of PD-1 high CD4 + T cells in PPs (Figures 6G and S6E) , a marker of T follicular helper (Tfh) cells, which are a T cell subset that promotes IgA-producing germinal center B cells (Hirota et al., 2013) . These differences in gut immunity did not result in significant differences in the luminal microbiota composition at the genus level between Mincle-deficient mice and their WT littermates ( Figure S6F) . These results indicate that the Mincle-Syk signaling pathway contributes to maintaining a functional intestinal immune barrier but does not play a major role in regulating intestinal microbiome composition.
The Mincle-Syk Pathway Promotes Commensal Bacteria Containment
To explore whether the functional impairment of the intestinal barrier in Mincle-deficient and CD11cDSyk mice affects microbial containment in the intestine, we first analyzed the presence of live facultative aerobe bacteria in extra-intestinal organs. We found increased microbe translocation to the liver in Mincle-deficient or CD11cDSyk mice compared with littermate controls (Figures 7A and S7A) . Deep 16S rRNA sequencing revealed that most of the surplus disseminated aerobe bacteria found in the liver of Mincle-deficient mice belonged to the phylum Proteobacteria either after growth in lysogeny broth (LB) or by direct sequencing of fresh liver homogenates ( Figure 7B ). As an additional readout for systemic dissemination of commensals , we found increased intestinal-bacteria-specific IgG in the sera of Mincle-deficient and CD11cDSyk mice compared with WT littermates (Figures 7C and S7B ).
Next, we analyzed whether the presence of increased intestinal commensals in the liver of Mincle-deficient mice can lead to patho-physiological alterations. CD45 + CD11b high myeloid cells, mainly neutrophils and inflammatory monocytes, were increased in the liver of Mincle-deficient mice compared with WT littermates in an ABX-dependent manner (Figures 7D and S7C) . Liver inflammation in the absence of Mincle correlated with moderate liver malfunction reflected by an increased total, but not direct, serum bilirubin ( Figure 7E ) without affecting serum levels of alanine aminotransferase (ALT) or aspartate aminotransferase (AST) ( Figure S7D ). The expression of some lipid-metabolismrelated genes, such as Scd1 (stearoyl-CoA desaturase-1) or Cpt1a (carnitine palmitoyltransferase 1), was significantly increased in the liver of Mincle-deficient mice ( Figure 7F ). This augmented expression of lipogenic genes correlated with an accumulation of diacylglycerides (DAGs) ( Figure 7G ) and some fatty acids, including margaric and linoleic acids, in Mincle-deficient mice ( Figure 7H) , as revealed by metabolomics assays (Fig-ure S7E) . These results indicate that the intestinal immune barrier fostered by the Mincle-Syk axis limits microbial translocation, preventing systemic inflammation and promoting host-microbiota mutualism.
DISCUSSION
IL-17 and IL-22 contribute to intestinal barrier function in response to microbiota, regulating the expression of antimicrobial peptides and mucin genes and influencing IgA responses (Hirota et al., 2013; Kruglov et al., 2013) . However, the host receptors and signaling pathways that link intestinal microbiota with regulation of IL-17 and IL-22 production to maintain a homeostatic host-microbiota relationship need to be further explored. Here, we provide evidence that the sensing of mucosal-associated bacteria by the Mincle-Syk signaling axis in LysoDCs and dome CD11b + DCs in PPs induces IL-6 and IL-23, cytokines that stimulate intestinal T cells and ILCs to produce IL-17 and IL-22. Defective IL-17 and IL-22 production in the absence of a functional Mincle-Syk axis in DCs was associated with impaired intestinal immune barrier function, resulting in increased systemic translocation of microbiota, hepatic inflammation, and metabolic alterations. We found that Syk kinase, but not MyD88, behaved as a non-redundant innate signal for driving Th17 differentiation in response to gut microbial recognition by DCs. This is consistent with previous studies revealing a critical role for MyD88 signaling in T cells, but not in DCs, in Th17 commitment (Hu et al., 2011; Shaw et al., 2012) . The Syk pathway is utilized by several CLRs, which play important roles in bridging innate and adaptive immunity after infection whereby they prominently modulate Th17 effector cell generation (Geijtenbeek and Gringhuis, 2016; LeibundGut-Landmann et al., 2007) . Remarkably, Mincle-deficient mice phenocopied all defects observed in CD11cDSyk mice, indicating that Mincle is most likely upstream of Syk in CD11c + cells inducing IL-17 and IL-22 production in response to intestinal microbiota, although additional receptors sensing microbiota could trigger Syk.
The differential spatial distribution of commensal microbes in the intestine influences their capacity to shape host immune responses (Atarashi et al., 2015; Fung et al., 2014; Ivanov et al., 2008) . Our results suggest a preferential location of commensal bacteria containing Mincle ligands close to the intestinal mucosa. The 16S rRNA sequencing of bacteria enriched by the extracellular domain of Mincle indicates that the small-intestine-adherent Lactobacillus (Donaldson et al., 2016) contains a ligand for Mincle. Intriguingly, exposition of the ligand seems to require transit through the intestine, resembling the described structural adaptations in the cell-surface composition of bacteria upon different environmental situations (Sengupta et al., 2013) . Our results concur with an L. plantarum-derived glycolipid that signals through Mincle (Shah et al., 2016) and with previous (E and F) WT littermates and Mincle-deficient (Clec4e À/À ) mice were treated with ABX during gestation and lactation and were gavaged with L. plantarum (1 3 10 6 ) at weaning (+ L. plantarum gavage) or not (WT), as indicated in the figure. The frequency of IL-17-and IL-22-producing re-stimulated CD4 + T cells (E) or CCR6 + ILCs (F) from PPs by intracellular staining in the indicated genotypes and conditions is shown. Data represent one representative experiment of two performed (A and F) or were pooled from at least two independent experiments (B-E). Each symbol represents an individual mouse. The arithmetic mean for each group is indicated. *p < 0.05, **p < 0.01, ***p < 0.001 (A-E: one-way ANOVA and Bonferroni post hoc test; F: unpaired two-tailed Student's t test). See also Figure S5 . reports indicating that Lactobacillus activates Syk in DCs (Weiss et al., 2012) . Some Lactobacillus species have preferential association with the follicle-associated epithelium of PPs (Plant and Conway, 2001) . We showed Mincle expression in LysoDCs and LysoMacs and, to a lesser extent, in dome CD11b + DCs. These myeloid cell subsets are efficient in the capture of antigens and essential to driving the generation of the mucosal immune response (Da Silva et al., 2017) . We found that dome CD11b + DCs and LysoDCs, but not LysoMacs, from PPs induced Th17 cell differentiation from naive T cells in a Mincle-and Syk-dependent fashion, consistent with their T cell priming capacity (Da Silva et al., 2017) . Consistent with this, Mincle expression by DCs, but not macrophages, contributes to the generation of splenic immunity during Mycobacterium bovis infection in mice (Behler et al., 2015) . The intestinal microbiota is critical for IL-17 and IL-22 production by RORgt-dependent cells, and SFB are a key example (Atarashi et al., 2015; Gaboriau-Routhiau et al., 2009; Ivanov et al., 2008; Ivanov et al., 2009; Sano et al., 2015; Sawa et al., 2010) . Vancomycin-resistant intestinal bacteria promoted Mincle-dependent Th17 generation in PPs, suggesting that it is at least partially independent of SFB. However, we cannot rule out that SFB launched a Th17 response that can be maintained by other vancomycin-resistant mucosa-associated bacteria after vancomycin administration, as suggested previously (Lécuyer et al., 2014) .
In contrast, L. plantarum, which possesses a ligand for Mincle (Shah et al., 2016) , was able to induce Mincle-dependent Th17 differentiation both in vitro and in ABX-treated mice. Mechanistically, IL-6 from CD103 + CD11b + DCs is key for Th17 differentiation in the intestine (Persson et al., 2013; Schlitzer et al., 2013) . Compared with other DC subsets in PPs and spleen (Sato et al., 2003) , LysoDCs and dome CD11b + DCs from PPs are a major source of IL-6 (Da Silva et al., 2017) . Our data indicate that Mincle contributes to IL-6 and IL-23p19 production by PPs DCs, which might explain the selective effect in the differentiation of Th17 but not Th1 cells. On the other hand, the regulation of IL-23p19 might affect ILC function, which requires IL-23R signaling for IL-22 and/or IL-17 secretion (Longman et al., 2014; Satpathy et al., 2013) . The mucosal localization of Lactobacillus could underlie its role as a relevant conditioning factor for DCs in the PPs, but other bacteria genera at different locations might also condition the immune response locally or even systemically.
We found that reduced production of IL-17 and IL-22 in the absence of the Mincle-Syk axis in CD11c + cells led to impaired Reg3g expression, which is regulated by IL-22 (Sanos et al., 2009) . Impaired IgA generation correlated with a reduction in the frequency of IgA + plasma cells in the small intestine LP and the proportion of CD4 + PD-1 high cells, which mark Tfh cells, in PPs in the absence of Mincle and Syk in CD11c + cells. Tfh differentiation requires interaction with CD11b + DCs and IL-6 for Bcl-6 expression (Krishnaswamy et al., 2017) . Reduced IL-6 production by CD11b + DCs, together with the contribution of the Th17 cell differentiation into Tfh in PPs (Hirota et al., 2013) , could contribute to the defective IgA generation in the absence of Mincle. However, these differences in gut immunity did not result in significant differences in the luminal microbiota composition between Mincle-deficient mice and their WT littermates, although there could be regional changes in microbiota composition. For instance, Reg3g deficiency causes significant differences in mucosa-associated bacteria, but not in the composition of luminal bacterial communities. (Vaishnava et al., 2011) .
We found that IL-17 and IL-22 deficiency correlated with increased peripheral dissemination of commensal bacteria and, in turn, with serum commensal-specific IgG antibodies, consistent with previous results (Lochner et al., 2011; Sonnenberg et al., 2012) . Commensal translocation correlated with higher liver infiltration of neutrophils and monocytes in Mincledeficient mice, concurring with a recent report indicating that Lactobacillus-dependent IL-22 secretion by ILCs can prevent liver inflammation by promoting the intestinal barrier (Nakamoto et al., 2017) . Liver inflammation was associated with moderate liver malfunction reflected systemically by an increased total serum bilirubin and by the accumulation of DAG and some fatty acids in the liver of Mincle-deficient mice. These results suggest a putative link between commensal-driven inflammation and hepatic lipid metabolism, consistent with previous studies indicating that increased intestinal permeability, bacterial translocation, and subsequent inflammation can affect hepatic metabolism (Pierantonelli et al., 2017; Talukdar et al., 2012) .
Our findings establish that Mincle and Syk signaling couples the sensing of mucosa-associated bacteria by DCs in PPs with the production of IL-6 and IL-23, cytokines that regulate IL-22 and IL-17 production through T cells and ILCs. This interaction promotes the intestinal immune barrier, limiting microbial translocation and preventing systemic inflammation and its metabolic consequences. The elucidation of this new host-commensal mechanism of interaction, which is essential to maintaining the homeostatic host-microbiota mutualism, has potential implications for diseases associated with increased bacterial translocation, such as metabolic disorders.
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Detailed methods are provided in the online version of this paper and include the following: 
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